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CHIP ON DISC RECORD CARRIER WITH INTEGRATED POWER SUPPLY 



• / 

The invention relates to a system for rendering information from a record 

i 

carrier, the system comprising a record carrier comprising a track for carrying marks 
representing the information, and a device for reading the information from the track. The 
record carrier comprises an integrated circuit comprising communication means for 
5 contactlessly communicating with the device. The device comprises a head for reading the 
marks, and communication means for contactlessly communicating with the integrated 
circuit. 

I 

10 A device and record carrier for rendering information are known from EP 0 

966 1 24. The disc-shaped record carrier is provided with an integrated circuit constituting a 
memory for recording additional data, e.g. record management data. The integrated circuit 
has associated electromagnetic coupling means for transacting the record management data 
and receiving supply power from a recording and/or reproduction apparatus. The coupling 

1 5 means are built in an annular spiral form on the disc or in the integrated circuit. In the first 
embodiment a lower transmission frequency is used and a large inductance is needed. Hence 
the arrangement in the annular form requires a large coil and connecting the coil to the 
integrated circuit via bonding pads. Such a connection increases the cost of production of the t 
record carrier and is less reliable. In the second embodiment a high transmission frequency is 

20 used and the electromagnetic coupling means are arranged like a HF antenna on the 

integrated circuit. Using a high frequency band for transmitting the supply power to the 

integrated circuit has the problem that a powerful HF source must be included in the device. 

Such a HF source needs relatively much power to transit enough power to the integrated j 

circuit because of the low efficiency of transmission, and is limited to frequency bands made 

25 available for such purposes. Only limited ranges of frequencies have been made available by 
governments for home use, and the ranges may differ around the globe. Further such a HF 
source may cause interference with other electronic circuits in its vicinity. 
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It is an object of the invention to provide a system for rendering information, 
which has a reliable power supply for the integrated circuit on the record carrier which does 
not interfere with other electronic circuits. 

For this purpose, the record carrier as described in foe opening paragraph 
comprises an integrated circuit comprising a power supply coil for generating supply power 
from low frequency magnetic flux changes created by moving the integrated circuit through a 
magnetic field having flux areas with positive and negative magnetic flux. For this purpose, 
the device as described in the opening paragraph has a magnetic array having a plurality of 
poles for generating a static magnetic field having flux areas with positive and negative 
magnetic flux for cooperating with the power supply coil, and drive means for rotating the 
record carrier for scanning the track via the head and for movingthe integrated circuit 
through the magnetic field for creating the low frequency magnetic flux changes. The 
measures have the effect that the power supply for the integrated circuit on the record carrier 
is directly and only available as soon as the record carrier is rotated at a predetermined 
minimum speed. This has the advantage that it is more difficult to access the integrated 
circuit for a malicious user trying to tamper with the content of the integrated circuit, e.g. 
security measures or access rights, because the record carrier has to be rotating and access to 
the integrated circuit can be controlled in the device. Further, compared to using a HF 
antenna integrated on the integrated circuit, there is no need to use any high frequency source 
for powering the chip. Using the magnetic field power supply frees up the available HF 
frequencies for communication and other use. 

The invention is also based on the following recognition. The inventors have 
seen that a combination can be made of at least one small but powerful magnet of highly 
magnetical material, like NeFeBo alloy resulting a strength of around 1 Tesla, and integrated 
circuit process technology having low power requirements and several metal layers allowing 
coils of a substantial number of windings. Such combination provides just enough power at 
the speed of rotation currently used for record carriers like CD or DVD. 

In an embodiment of the device the magnetic array is arranged to create the 
flux areas having a dimension in the direction of said movement of the integrated circuit of 
the same order of magnitude as the dimension of the integrated circuit. This has the effect 
that a large change of magnetic flux is achieved over a small displacement of the integrated 
circuit. This has the advantage that much supply power is generated at a relative low speed. 

In an embodiment of the device the magnetic array is arranged to create the 
flux areas only along a circle segment substantially smaller than the full circle of the path 
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traveled by the integrated circuit during said movement. This has the advantage that only a 
small number of magnets is required, which lowers the cost and simplifies the construction of 
the device. There is sufficient time for accessing the integrated circuit during the time within 
the circle segment, e.g. for performing an EEPROM write cycle. 

In an embodiment of the record carrier the track is arranged on a conductive 
recording layer, and said layer is interrupted in an annular area containing the integrated 
circuit. The interruption may be perpendicular to the direction of movement or the layer may 
be omitted completely within the annular area. This has the advantage, that Eddy currents in 
the recording layer due to the magnetic field are reduced. Such Eddy currents might attenuate 
the magnetic flux from the magnet, might cause heating of the recording layer or have a 
braking effect on the rotation of the disc. 

In an embodiment the integrated circuit comprises a speed detection unit for 
detecting the speed of a movement of the integrated circuit through a magnetic field having 
flux areas with positive and negative magnetic flux. This has the advantage that functions of 
the integrated circuit can be blocked if the speed is not within a required range. This 
increases the resistance against tampering with the contents of the integrated circuit by ' 
verifying that the record carrier is rotated at the required speed, or by preventing the 
integrated circuit to be driven at a too low or too high supply power level. 

It is noted that EP 0 884 729 describes a record carrier having a chip which is 
powered by a coil in the record carrier and a static magnet in the device. However, the coil is 
not integrated on the chip and has a complicated multi-turn arrangement distributed over a 
large area of the record carrier to cover sufficient flux. The chip is connected to the coil via 
bonding pads. The magnet is dimensioned to cooperate with the large area of the coil. 



These and other aspects of the invention will be apparent from and elucidated 
further with reference to the embodiments described by way of example in the following 
description and with reference to the accompanying drawings, in which 

Figure 1 shows a record carrier including an integrated circuit, 

Figure 2 shows a rendering device, 

Figure 3 shows communicating between the integrated circuit and the device, 
Figure 4 shows a record carrier and a magnetic array, 
Figure 5 shows magnetic flux changes and induced voltage, 
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Figure 6 shows magnetic flux, changes and induced voltage for multiple poles, 

and 

Figure 7 shows a multipole magnetic array. 
Corresponding elements in different Figures have identical reference numerals. 



Fig. 1 shows a record carrier 1, with a central aperture 2 and a track 3. The 
track 3 is arranged in a spiral or concentric pattern and comprises a first area for storing 
information. The record carrier may be of a read-only type, e.g. containing optically readable 

1 0 information, or of a recordable type, e.g. CD-R or DVD+RW. A second area on the record 
carrier 1 comprises an integrated circuit 4 with transmitting means and receiving means for 
contactlessly transmitting and receiving additional information. For suitable transmitting 
means and receiving means, see Fig. 3 and its explanation. The integrated circuit 4 has a 
power supply coil 20 of a substantial amount of turns for generating supply power from low 

15 frequency magnetic flux changes. 

Fig. 2 shows a device for reading the record carrier, the device 6 is equipped 
with drive means 26 for rotating the record carrier 1, and a read head 22 for reading the track 
3 on the record carrier. The read head 22 comprises a radiation unit 27 and an optical system 
of a known type for generating a light spot 28 focused on the track of the record carrier by 

20 means of a beam 29. The beam 29 is generated by a radiation source 41, for example, an 
infrared laser diode having a wavelength of 780 nm. The optical system comprises optical 
elements such as a collimator lens 39 for collimating the beam, an objective lens 40 for 
focusing the beam, and a beam-splitting unit 43, e.g. a polarizing beam-splitting cube, a 
pellicle or a retarder. After having been reflected by the record carrier, the beam 29 is 

25 detected by a detector 42, e.g. a quadrant detector, which generates detector signals 3 1 such 
as, for example, a read signal, a tracking error signal and a focusing error signal. The device 
6 has tracking means 32 which are coupled to the read head 22 for receiving the tracking 
error signal and for controlling a tracking actuator 30. The read head 22 comprises an 
actuator for focusing the beam 29 on the record carrier and the tracking actuator 30 for fine- 

30 positioning the light spot 28 in the radial direction in the center of the track. Following the 
track by means of the laser beam may also be effected by varying the position of the 
objective lens 40. During reading, the read signal is converted into output information in the 
read means 34, which is indicated by an arrow 33. The read means 34 comprise, for example, 
a channel decoder for converting the detected channel words into source words, and an error 
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corrector for correcting errors which are present in the read signal. The device 6 further 
comprises positioning means 36 for coarse positioning of the read head 22 in the radial 
direction of the track, and a system control unit 37 for receiving commands from a 
controlling computer system or from a user, and for controlling the device by means of 
control lines 38, for example, a system bus connected to the drive means 26, the positioning 
means 36, the tracking means 32 and the read means 34. To this end, the system control unit 
37 comprises a control circuit, for example, a microprocessor, a program memory and control 
gates for performing the procedures as described below. The system control unit 37 may also 
be implemented in a state machine in logic circuits. 

The device 6 comprises a magnetic array 21 having a plurality of poles for 
generating a static magnetic field having flux areas with positive and negative magnetic flux. 
In a basic embodiment the magnetic array has a single powerful magnet having two opposite 
magnetic poles pointing towards the integrated circuit, e.g. a shaped magnet or a rectangular 
magnet fitted in iron. The resulting magnetic field has a large change of flux over a small 
distance, and hence is suitable for generating power in the very small power supply coil 20 in 
the integrated circuit 4 on the record carrier, the drive means 26 rotate the record carrier and 
thereby move the integrated circuit 4 through the magnetic field. The power supply coil 20 
generates supply power from the low frequency magnetic flux changes created by moving the 
integrated circuit 4 through the flux areas. Further embodiments of a magnetic array are 
shown in Figures 4, 5 and 6. 

The device 6 further comprises receiving and transmitting means 5 for 
receiving and transmitting additional information stored in the integrated circuit 4 on the 
record carrier 1. In an embodiment, the additional information comprises a key for 
scrambling and/or descrambling the information. This descramble key is added to 
descrambling means 35. The scrambled output information 33 is subsequently descrambled 
in these descrambling means and subsequently passed on, which is indicated by an arrow 44. 
This descrambled information may comprise, for example, audio or video information which 
may be displayed on an appropriate apparatus. It should be noted that the terms scrambling 
and descrambling of information are also understood to mean encrypting and decrypting. An 
embodiment of the device comprises write means for providing optically readable signs on a 
writable type record carrier such as, for example, a CD-R disc or a DVD+RW disc. 

Fig. 3 shows communicating between the integrated circuit and the device. In 
the embodiment of the transmitting means 5 in the device 6, the transfer of data 9 to the 
integrated circuit 4 takes place via a driver 8 and a light-emitting diode (LED) 7. In the 
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integrated circuit 4 the light coming from the LED 7 is collected by a photodiode 12 for 
producing received signal 13, which is applied to detector 10. The detector receives 
additional information from the device, which additional information is processed in 
processor 14, e.g. for storing in a memory or for use in a copy protection algorithm. In an 

5 embodiment, the copy protection algorithm is used for generating, in dependence on the 
received additional information, a descrambling key for descrambling the information on the 
record carrier. Output data from the integrated circuit 4, e.g. a descrambling key, may be 
applied to a radio transmitter 1 1 for transmitting the data to the device 6 through an antenna 
15. The device 6 comprises a radio receiver 17 for receiving the data through an antenna 16. 

10 The data is applied to a processor 1 8, e.g. executing a copy protection algorithm or for 
outputting a key to descrambling means 35. 

The integrated circuit 4 includes the power supply coil 20 which is coupled to 
a power supply circuit 19. The coil has a number of windings integrated on the metal layers 
of the integrated circuit. For generating supply power in a practical amount at least 10 

15 windings are needed, but for current power requirements around 100 windings are required 
and feasible. 

Figure 4 shows a record carrier and a magnetic array. The record carrier 1 is 
positioned in a device, of which only the optical head 22, the positioning sledge 36 and the 
magnetic array 21 are shown. It can be clearly seen that by rotating the record carrier 1 the 

20 integrated circuit (or chip) 4 is moved along the magnetic array 21. The magnetic array is 
only covering a part of the circle, in the embodiment a circle segment of about 111 degrees. 
Hence the magnetic array is roughly banana shaped. The chip is powered from the induced 
voltage in an on-chip inductor caused by the movement of the chip through the field of a 
permanent magnet. It is noted that the working distance between magnetic array and 

25 integrated circuit must be about the coil dimensions. 

It is noted that Eddy currents might be induced in a conductive layer of the 
disk 1, in particular in the annular area containing the integrated circuit. Such Eddy currents 
can be attenuated by interrupting the recording layer around said area, e.g. by forming stripes, 
so that the Eddy currents encounter a high-ohmic path. 

30 Figure 5 shows magnetic flux changes and induced voltage. On top the 

integrated circuit 4 including the coil 20 are shown to be moving along the magnetic array 21 
by arrow 51. The total flux passing through the coil is indicated by flux curve 53. The 
resulting voltage induced in the coil 20 from a single magnetic pole is indicated by voltage 
curve 54. The generated power can be calculated as follows. For sake of simplicity it is 
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assumed that the magnet pole dimensions are equal to the inner coil dimensions, so that every 
winding in the coil contains the total magnetic flux. The chip moves above a 3 x 3 mm pole 
of a 1 T (Wb/m 2 ) permanent magnet A practical magnet consists of a NeFeBo alloy, and has 
a height to length ratio of about 5 . On the chip, a N-turn inductor is integrated with inner 
5 dimensions of l MJbmer x = 3 x 3mm . Once per disk revolution, a flux pulse appears in 

the on-chip inductor. Positioned at 35 mm diameter and 100 Hz rotational frequency, the 
linear velocity amounts to v=-k- • f rot = n • 0.035 400 = 1 Im Is . 

2 ■ / 2 • 0 003 

It lasts t on = — coU >> nner = — = 546 jus to move the chip completely in and out the 

magnetic field. Assuming the total magnet flux appears in the coil, the induced voltage equals 
10 to 

e = -N = -N = -N z = -N-0.033 Volt. 

dt t 273 40-* 

2*U 2*25 

To achieve U, = 25V at the load, N = = — = 152 turns are required. 

1 e 0.033 

Taking the width of the turns = 3.9/zm and their spacing w spacing = 0.64 fan , the 

winding width becomes 

15 =iV-(w^ + w^J=152.(3.9.10- 6 +0.64.10- 6 )=0.7mm. 

The required chip area is , 

(U**r + 2 • )x (w wfliiOT + 2 - ) = 4.4 x AAmm = 19.3mm 2 

The chip dimensions amount to 4.4 x 4.4 mm, where 3x3 mm in the centre is available for 
electronic components. The average dimensions of a turn in the coil are 3.7 x 3.7 mm, so that 
20 the average turn length equals to =4-3.7 = 14.8mm . The available metal layers can be 
used in parallel. This brings the resistance of one turn to 

Rtum = — ' Kheet siaver, = 42 • 10" 3 = 45 Q. The coil resistance becomes 

Wturn 3.9 40"* 

^=^•^=152.45 = 68220. 

The maximum electrical load power P l comes available by choosing the load resistance 
25 R t equal to the coil resistance . In that case the electrical load power becomes 
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The energy available during one revolution of the disk is 

E t =P r t on = 0.92 • 10~ 3 ■ 546 -KT 6 = SOOruf , and the average power 

P„ = P r ^ = P t • f „ • /„, = 0.92 - 10" 3 - 0.546 • 10" 3 ■ 100 = 50 pW. 

^rot 

The required chip area of 19 mm 2 is relatively large. When smaller electrical power is 
5 sufficient, the required coil resistance may increase, and the coil windings in the metal layers 
are serialized. After re-calculating the required chip area becomes 13 mm 2 and the pole 
dimensions are 0.7 x 0.7 mm for collecting 5 nJ per revolution. In an embodiment the chip is 
located at the outer diameter of the disk, e.g. 1 10 mm. Due to the higher linear velocity, the 
induction voltage increases and less turns are required. 
10 Figure 6 shows magnetic flux changes and induced voltage for multiple poles. 

On top the integrated circuit 4 including the coil 20 are shown to be moving along the 
magnetic array 21 by arrow 5 1 . The magnetic array is shown having 4 magnetic poles 50 of 
alternating polarity, resulting in magnetic flux areas having positive and negative flux. The 
total flux passing through the coil is indicated by flux curve 53. The resulting voltage induced 
15 in the coil 20 is indicated by voltage curve 54. The chip moves over the poles of the 

permanent magnet array. Around the pole-borders, the direction of the received flux inverts, 
so that the flux step is two times larger compared to a single pole set-up. As a result the 
induced voltage doubles. Evidently, at the begin and at the end of the magnet, where the flux 
decreases to zero, half of the required voltage is induced. Using a 1 Tesla (= Wb/m2) 
20 permanent magnet having 34 poles of dimensions lxl mm, and a total chip area of 1 .5 x 1 .5 
mm (2.26 mm2) it is possible to generate 300 jiW at 1.8 Volt during 3 ms. In practice this is 
sufficient for writing data per disk revolution in a chip comprising a suitable memory, e.g. 16 
Bytes in EEPROM. The position of the chip is chosen at 35mm diameter, and the rotation 
frequency at 100 Hz, which results in a speed of 1 1.0 m/s. The time for the flux change, 
25 called ramp time 52, is 0.091 ms for a magnet of 34 poles of 1 mm, resulting in an available 
c on-time' of 3 ms, i.e. about 30 % of the rotation time. A coil of 164 turns and an induction 
voltage of 0.022 V/tum results in an open coil voltage of 3.60 Volt. The number of turns can 
be arranged using 5 metal layers and a chip area of around 2.3 mm2, and an average coil 
width and length of 1 .25 mm. Using a load voltage of 1 .8 Volt the power in the coil is 0.30 
30 mW at an energy per revolution of 890 nJ, and an average power of 0.089 mW. The required 
IC area is quite practical, namely 2.3 mm2. 

Figure 7 shows a multipole magnetic array. A rail 61 holds magnets 62 of a 
width 63 and a length 64. A number of magnets 62 and the rail constitute the magnetic array 
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21 having alternating north poles 65 and south poles 66. In a practical embodiment the array 
has 34 poles constituted by 1 Tesla magnets of NeFeBo alloy. The separate 1 x 1 mm 
magnets are magnetised, and fitted together in a banana shaped rail 61, e.g. constructed from 
iron. 

Although the invention has been explained mainly by embodiments using an 
optical disc, similar embodiments like an optical card, can be used. It is noted, that in this 
document the word 'comprising' does not exclude the presence of other elements or steps 
than those listed and the word 'a' or 'an' preceding an element does not exclude the presence 
of a plurality of such elements, that any reference signs do not limit the scope of the claims, 
that the invention may be implemented by means of both hardware and software, and that 
several 'means' may be represented by the same item of hardware. Further, the scope of the 
invention is not limited to the embodiments, and the invention lies in each and every novel 
feature or combination of features described above. 



